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In  recent  communications on  the  cultivation  of  human  lymph 
nodes,  lymphocytes  and  giant  cells  have  been described.  1, *  This 
paper, to complete the Series, will be concerned with observations on 
wandering  cells,  reticulum  cells,-endothelial  cells,  and  fibroblasts, 
with a  discussion as  to  the significance of  their morphological and 
physiological  similarity. 
Lymph  glands,  excised  aseptically  from  patients  in  the  Johns 
Hopkins Hospital, were brought to the laboratory and planted from 
½ to 2 hours after their removal.  They were cut into small bits in 
sterile  Locke-Lewis solution, placed  as  usual upon a  sterile  No.  1 
cover-slip, covered with a  drop of homogenous or autogenous plasma, 
inverted over a  hollow ground slide rimmed with vaseline, and imme- 
diately put into an incubator with a temperature of 37.5°C.  Twenty 
to  sixty cultures were prepared from each  gland; this  afforded an 
opportunity for a considerable number of studies lasting from 2 hours 
to 3 weeks. 
The  seven  cases  of  normal glands  showed relatively  few  of  the 
cells under discussion, as did the cases of melanosarcoma, carcinoma, 
and lymphoid and myeloid leucemia.  But in  the two  cases of sar- 
coma, the three cases of chronic lymphadenitis, two cases of Hodgkin's 
disease, and seven cases of tuberculous lymphadenitis, they were very 
x Lewis, W. H., and Webster, L. T., J. Exp. Meal., 1921,  xxxiii, 261. 
2 Lewis, W. H., and Webster, L. T., Y..Exp. Med., 1921,  xxxiii, 349. 
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numerous, and in  each  case  the relative  and  absolute  quantity  of 
cells seen in the cultures was proportional to that seen in the corres- 
ponding histological  sections  stained  with  hematoxylin and  eosin. 
Wandering Cells. 
Histological  sections  of  normal  and  pathological  human  lymph 
#ands show deeply staining mononuclear cells with abundant cyto- 
plasm, scattered  about  the  sinuses  and  through  the  lymph tissue. 
To  this  most  common type  of  loose  tissue  cell,  found as  well  in 
chronic inflammatory areas and foci of cellular infiltration, patholo- 
gists  give  the  name  wandering cell.  Its origin will be  referred  to 
later. 
After 2 or 3 hours incubation, wandering cells may be seen coming 
from cultures of normal #ands, tuberculous #ands, and glands with 
Hodgkin's disease and metastatic tumor.  They follow the migrating 
lymphocytes which are first to leave the tissue fragment and form a 
ring about the explant between the cover-slipand plasma clot.  They 
are irregular in size and shape but when flattened out on the cover- 
slip,  they measure  about  0.024  by  0.016  ram.  They consist  of  a 
delicate clear zone of ectoplasm and an inner, slightly more opaque 
zone of endoplasm which contains mitochondda, fat globules, neutral 
red granules and vacuoles, and a single nucleus (Figs. I to 8 and 30). 
The fat globules appear greenish and refractile; they take a  Shar- 
lach  R  stain  readily.  Although  they  vary  in  number,  size,  and 
distribution in cells at different ages, during the early hours of obser- 
vation they are generally few in number, regular in size, and scattered 
indiscriminately throughout the endoplasm. 
A  few neutral  red  granules  and  an  occasional vacuole  are  seen, 
but no note concerning a definite grouping of granules about a centro- 
sphere area was made at this time. 
The nuclear material has a  waxy appearance and occupies from 
one-thlrd to one-half of the cell volume.  With  the cell spread out 
at rest,  the nucleus tends toward an oval or bean shape, but when 
the cell is actively moving, it adapts itself to conditions determining 
movement by  assuming all  possible  forms from  bizarre  to  spindle 
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The cells move rapidly and generally away from the explant,  al- 
though they frequently change their direction or remain motionless 
for a considerable period of time.  The clear ectoplasm, which seems 
to be fluid, pushes out in a  fan,shaped manner, advancing and re- 
tracting  its  pseudopods.  Into  this  protrusion  a  few  fat  globules 
with active Brownian movement are seen to flow,  followed by the 
nucleus.  Finally the posterior  part  of  the  cell  draws  up  and the 
crawling,  flowing  motion  may  temporarily  cease.  The  average 
rate of migration is  roughly estimated at 0.0306  ram.  per minute. 
This  is  considerably faster than the migratory rate of lymphocytes 
(Fig.  14). 
At  24  hours  there  is  moderate migration  of  wandering cells  in 
cultures from normal glands and glands with carcinoma metastases, 
while in cultures from chronic lymphadenitis, tuberculous lympha- 
denltis, and glands with sarcoma metastases and Hodgkin's disease, 
the wandering cells are present in great numbers.  They are scattered 
radially about the explant and are most numerous in its vicinity. 
Usually the cells show no alteration.  The ectoplasm, still clear, 
contains  rod-like  and  granular  mitochondria,  conspicuous  when 
stained  with  Janus  black  No.  2.  In  the  more  inactive  cells  the 
ectoplasm  tends  to become irregular. 
In the endoplasm fat globules and vacuoles are larger and more 
numerous.  There  are  many neutral  red  granules,  differing in size 
and  shape.  They  may  be  scattered  indefinitely  throughout  the 
cell or grouped at one side of the nucleus radially about a  central 
clear area.  Most of the cells are still active; nucleus and cytoplasm 
change shape and position rapidly. 
These  cells  are  active  phagocytes.  In  the  infected  cultures, 
bacteria are crowded about the cell membrane and are contained in 
large numbers in the endoplasm.  In other cultures hemoglobin pig- 
ment and disintegrating lymphocytes are engulfed by the wandering 
cells. 
A  few cells  are  greatly altered in  appearance.  They are  much 
smaller and appear dark and shrivelled.  The contracted ectoplasm 
shows  many  hair-like  processes  clinging  to  the  cove~-slip.  The 
endoplasm appears as a shrunken, irregular, circular mass suspended 
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often contains one or two very large fat globules or vacuoles taking 
the neutral  red  stain.  When  visible,  the nucleus  is  usually  dark, 
sausage-shaped, and pushed to one side of the cell (Figs. 9  to 13). 
At 48 hours an occasional wandering cell  is seen spread out upon 
the cover-slip.  The fat globules are larger and  the neutral red area 
is composed of a  rosette arrangement of granules at one side of the 
nucleus.  Instead  of  active  migration,  movement  is  limited  to 
changes  in  shape  of  the  cell  and  relations  of its component parts. 
By far  the greater number are shrivelled and inactive,  clinging to 
the cover-slip by spidery ectoplasmal processes. 
At 5  days no  active wandering cells are seen. 
In brief,  then,  the wandering cell, found in the sinuses of  lymph 
glands, about  chronic  inflammatory areas,  and  associated  with  so 
called round cell infiltrations, migrates from cultures of human lymph 
nodes.  It  appears  in  2  or 3  hours,  shortly after the lymphocytes, 
continues to move for about 48 hours, then gradually becomes quies- 
cent,  shrivels,  and  dies.  Its  structure and physiological character- 
istics  make it  easily recognizable. 
Endothelial Cells. 
In describing the histology of  lymph  nodes,  text-books  of StShr,* 
Sh~fer,  4 and  Szymonowicz  s refer to lymphatic endothelium as lining 
capsule,  trabecul~e,  lymph  sinuses,  and  continuing  as  branched 
cells to form the general supporting framework, or reticulum.  However, 
in our observations on migrating cells, we were unable to differentiate 
blood  vessel  endothelium,  lymphatic  endothelium,  and  reticular 
endothelium so the term endothelial cell will be used to designate a 
group of cells seen in  cultures of  normal  and  pathological  lymph 
nodes morphologically and physiologically similar to each other and 
8 StShr, P., in Schultze, 0., Lebrbuch der Histologie und der mikroskopischen 
Anatomie des Menschen mit Einschluss der mikroskopischen  Technik, Jena, 16th 
edition, 1915, 141. 
4  Sch~ifer, E. A., The essentials of histology, Philadelphia and New York, 10th 
edition, 1916,.231. 
Szyrnonowicz,  L., Lehrbuch der Histologie und der mikroskopischen  Anatomie 
mit besonderer Berticksichtigung des menschlichen K~rpers einschliesslich der 
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to those seen in fixed preparations answering the above description. 
Endothelial cells migrate from explants of normal and pathological 
glands  after  24  to  48  hours  incubation.  They are  not  active,  so 
unless one chances to see a sudden streaming of granules and nucleus 
into  advancing  ectoplasm  as  the  cell  lengthens and  momentarily 
changes  its  position,  or  unless  by  prolonged observation  a  rough 
average rate of 0.0002 ram. per minute is determined, the cells appear 
motionless.  A  predilection for  clear  areas  between media or  ex- 
plant and  cover-slip gives opportunity for  careful study over  con- 
siderable periods of time. 
The typical endothelial cell, almost circular, measures about 0.04 
ram. in diameter.  One can distinguish clear  ectoplasm with mito- 
chondria and endoplasm  containing nucleus, fat globules,mitochondria, 
and  neutral  red  granules  and  vacuoles.  The  ectoplasm,  when 
seen in its most characteristic form, appears as a broad circular band 
about three-fifths of the  cell area  whose outline, with irregular pro- 
jections  and  indentations,  changes  somewhat  from  hour  to  hour. 
Scattered  through the otherwise homogeneous ectoplasm are  mito- 
chondria  in  short  threads  or  granules.  Fat  globules,  limited  to 
the  endoplasm,  vary  in  number,  size,  and  distribution.  Usually 
they are small and regulariy scattered about the nucleus and centro- 
sphere area.  The neutral red granules form a  rosette at one side of 
the  nucleus.  Small  near  the  central  clear  area,  they  increase  in 
size  toward  the periphery.  About  the neutral red  area  are  mito- 
chondria in short threads and granules.  The nucleus is large, oval 
or bean-shaped, waxy in appearance, and motionless (Figs. 15 to 17). 
Besides the so called characteristic forms, there are many variable 
ceils  tending on  the  one hand toward the smaller  wandering ceils 
and  on  the other hand toward the  spindle or fibroblast ceils.  As 
these  intermediate  forms  are  studied,  transitions  may  be  seen, 
forming  an  unbroken  series  from  wandering  cells  to  endothelial 
ceils and from endothelial ceils to giant or spindle ceils. 
The transitions from endothelial cells to wandering cells are charac- 
terized by a decrease in the size of the cell and marked irregularity of 
outline.  The circular  shape gives way to irregular polyhedral and 
bizarre  forms  with  ectoplasm seen  chiefly as  projections,  hair-like 
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and  vacuoles  are  more  compact in  the  dense  endoplasm, and the 
nucleus  is  smaller  and  less  distinct.  When  these  intermediate 
forms  are actively ameboid or when they contain large numbers of 
disintegrating lymphocytes (Figs. 32 and 33)  the cytological picture 
is,  of course, modified, but in general the changes are  as  described 
above. 
The  transition  forms  from  endothelial  cells  to  spindle  cells  are 
more striking.  The tendency to assume the bipolar shape is accom- 
panied by an increase in surface area.  Ectoplasm, very prominent, 
may flow out at one end and develop a long tail process at the oppo- 
site  end  while  endoplasm and  contents appear  unchanged.  Other 
cells show a triangularly shaped ectoplasm, some a dumb-bell elonga- 
tion,  and  still  others an  outline resembling typical fibroblasts.  No 
changes  are  observed  in  endoplasm  or  its  constituent  parts;  the 
alteration is chiefly that of outline (Figs.  18 to 23, 28, and 29). 
In the communication on giant cells  * note was made of transition 
forms from large wandering cells  or endothelial cells  to giant cells 
with two, three, and four or more nuclei (Figs. 24 to 26). 
12 to 24 hour observations on single  endothelialcells  determined  their 
slow rate of motion and the infrequency of amitotic nucleardivision 
and also brought to light actual changes in shape of the cells.  Shrink- 
ing was observed with developing spicules and blebs; sudden accelera- 
tion  of motion with a  bipolar lengthening of  the  cell  and  a  rapid 
flowing  of  nucleus  and  granules  was  not  uncommon.  The  cell 
would move a  short distance and then reassume its  rounded form. 
After 3 or 4 days incubation many cultures show a  predominance 
of large cells of the endothelial type whose ectoplasm is either spread 
out irregularly upon the cover-slip or is branchingandconnectedwith 
adjacent cells.  Here,  all  transitions from endothelial cells to fibko- 
blasts may be seen; many branching cells contain two or three nuclei; 
typical giant cells are  frequent  (Fig.  31).  It is  possible that these 
may be true reticulum cells (Fig. 27). 
At the end of the 1st week, lymphocytes and wandering cells have 
practically  disappeared,  leaving  endothelial  cells,  giant  cells, and 
transitional cells scattered through a network of fibroblasts (Fig. 34). 
Some of the endothelial cells shrivel, others disintegrate, so that after 
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In brief,  then, endothelial cells migrate from explants of normal 
and pathological lymph glands after 24 to 48 hours incubation.  They 
are large, almost without motion, constant in their cytological charac- 
teristics but are accompanied by related forms which simulate wander- 
ing cells or fibroblasts.  The former may be active or phagocytic, the 
latter may show branched processes connecting similar cells. 
Fibroblasts. 
Fibroblasts  occur in  the capsules and trabecul~e  of normal lymph 
glands and in scar tissue of many pathological glands.  They appear 
in  cultures from normal and pathological lymph nodes after 48  to 
72  hours  incubation.  At  this  time  the  cells  are  usually  spindle- 
shaped and migrate between cover-slip and plasma with their long 
axes parallel to radii from the explant.  After  the 4th or 5th day 
they may be branched and form a loose reticulum or network about 
the  tissue  fragment.  They are  often seen at  this time in cultures 
which are otherwise quite devoid of growth. 
Cytologically, they are similar to the fibroblasts of chick embryos 
described  by  Lewis.  6  The  ectoplasm is  usually  bipolar  and  clear 
except for a few thread-like or granular mitochondria.  Fat globules 
vary in  number, size,  and distribution.  Neutral  red granules and 
vacuoles may be grouped about a definite centrosphere area or may 
be scattered through the endoplasm.  The nucleus is waxy in appear- 
ance and oval or bean-shaped (Fig. 35). 
After  18  or 20  days,  fibroblasts are still present and vigorous in 
many  cultures. 
DISCUSSION. 
In  spite  of  Maximoff's  recent  work  describing  transition  forms 
between lymphocytes and reticulum cells,  v we have been unable to 
demonstrate  any  such  relationship.  However,  we  are  impressed 
with  the  similarity  of  wandering  cells  to  endothelial  cells.  Mor- 
phologicaUy, differences are  of apparent  size and outline while the 
quality  of nucleus,  endoplasm and  contents,  and  ectoplasm is  the 
e Lewis, W. H., Bull. Johns Hopkins Hosp., 1919, xxx, 81. 
7  Maximoff,  A., Compt. rend. Soc. biol., 1917, lxxx, 222. 404  CULTURES  FROM  HUMANLYMPH  NODES 
same.  Physiological  variations  concern degree  rather  than  nature 
of  activity.  Prolonged  observations  of  single  endothelial  cells 
demonstrate  short  periods  of  activity  accompanied by  changes  in 
shape.  The frequent series of transitional forms lend further support 
to the theory of Marchand  8 that the wandering cells of lymph glands 
arise  from the  endothelial cells. 
The  large  branching cells, appearing after the 3rd or 4th day, des- 
cribed with  the endothelial cells, may well be  true reticulum cells. 
CONCLUSIONS. 
Wandering ceils migrate from cultures of human lymph nodes after 
2 or 3 hours incubation; they are actively ameboid and phagocytic. 
Endothelial  cells appear  in  the plasma  clot after 24  to  48  hours 
incubation.  They  are  relatively  inactive  and  less  phagocytic. 
Fibroblasts are seen after 48 hours incubation.  They are inactive 
and  not  phagocytic. 
The probable  origin  of wandering cells  from  endothelial  cells  is 
discussed. 
EXPLANATION OF PLATES. 
PLATE 26. 
FIGS. ! to 13. Wandering cells from cases of tuberculous lymphadenitis (Series 
18).  Fixed after 21 hours incubation.  × 750. 
PLATE 27. 
Fro. 14. Normal gland (Series  13).  4 hours  incubation at  37.5°C.  A wander- 
ing  cell  c[rawn  at I minute  i~ervals. Arrow points  to  explant.  × 559. 
PLATE 28. 
FIGS. 15 to  17. Typical endothelial cells from cases of tuberculous lympha- 
denitis (Series 18-9).  Fixed after 2 days incubation:  × 750. 
FIGS. 18 to 23. Transitional forms from endothelial cells to spindle cells from 
cases of sarcoma and tuberculous lymphadenitis (Series  8-9).  3 and 5 day cultures. 
×  750. 
s Marchand, F., Verlmndl. deutsch, path. Ges., 1913, xvi, 5. WARREN  H.  LEWIS  AND  LESLIE  T.  WEBSTER  405 
PLATE 29. 
FIos. 24 to 27.  Giant cells from a  case of tuberculous lymphadenifis (Series 
9).  5 day culture.  ×  750. 
FIGs. 28 and 29.  Branching transitional endothelial cells from a case of tuber- 
culous lymphadenitis (Series 9).  5 day culture.  ×750. 
PLATE 30. 
FIo.  30.  Wandering cells from a case of tuberculous lymphadeultis (Series 9). 
Fixed after 21 hours incubation. 
FIG. 31.  Endothelial cells and giant cells from a case of tuberculous lympha- 
denitis (Series 9).  Fixed after 4 days incubation. 
PLATy. 31. 
FIGs. 32 and 33.  Phagocytosis by wandering cells and endothelial  ceils..  Fig. 
32.  Tuberculous lympbadenitis (Series 7).  4 day culture.  Fig. 33.  Tuberculous 
lymphadenitis (Series  18).  Fixed after 2 days incubation. 
PLATE 32. 
FIG. 34.  Endothelial  cells, transitional cells, and spindle cells from a case of 
tuberculous lymphadenitis (Series 18).  7 day culture.  Fixed. 
FIO. 35.  Spindle cells from a case of tuberculous lymphadenitis (Series 9).  9 
day culture.  Fixed. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL.  XXXIV.  PLATE ~. 
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